In the course of a study of the annual fluctuations of the chemical composition of the water in a number of ponds, Tucker (1.958) showed that there was a tendency for the calcium content to fall in summer, while the titration against standard acid (alkalinity) tended to rise. This tendency was more marked in some ponds than others (Fig. l) , and Tucker concluded that the fluctuations were greatest in productive ponds, normally characterized by a high content of dissolved organic matter.
At first sight it seems likely that an important factor in these fluctuations is the higher level of photosynthetic activity in summer. According to Rabinovitch (1945-56) the probable action of algae during photosynthesis is the removal of COZ from solution in the water, and the equilibria which arc likely to involve the tit&able base arc : CO 2 * H,CO 3 ;", HI+ + HCO3-+ 2r-I+ + co3--
CaCO 3 * Ca+* + CO,--(2) co,--+ co2 + II,0 e 2HCO3-(3)
The effect on (1) of the removal of CO* from the system is a fall in the hydrogen ion concentration, and in the concentration of carbonate and bicarbonate ions. The effect on (3) is the splitting off of carbon dioxide from the bicarbonate ions, and the precipitat'ion of calcium carbonate according to (2) . There will therefore be a fall in the conccntrntion of bicarbonat,c and calcium. The total effect is that the pH rises and the amount of fitratable base decreases.
Thus the fall in calcium concentration can be explained by the photosynthesis of the plants, but the rise in concentration of bicarbonate is not in accordance with cxpectation.
The present paper is the record of an attempt to verify an alternative hypothesis, arrived at after helpful discussions with Dr. F. J. II. Mackereth of the Ferry House Laboratory of the Freshwater Riological Association. This is, that sulphide ions derived from the bottom deposits under anaerobic conditions in summer are oxidized to sulphuric acid in winter, converting a proportion of the calcium bicarbonate to sulphate. This would lead to a fall in the titer to standard acid, and if the sulphate were reduced to sulphide when the pond became anaerobic again in summer, the calcium ions could take up bicarbonate again.
Tucker's observations were therefore repeated on certain ponds, and in addition estimates were made of sulphate and oxygen concentration in the water. The oxygen concentration was measured in samples taken from a few cm above the mud surface, but other determinations were made on samples from t,he surface of the water at the edge of the pond. Calcium was determined by versenate titration, using ammonium purpuratc as indicator (Hetz and X011 1950) , and total alkalinity by titration to the end point of xylene-cyanole methyl orange with standard acid. Sulphate was determined by precipitat,ion with bcnzidinc hydrochloride (Owen 1936 The data for calcium concentrations, bicarbonate, and sulphatc are given in Table 1 . From a consideration of Tucker's figures for pH, confirmed by my own observations, it is clear that the alkalinity may be interpreted as being due entirely to bicarbonate (Moore 1939) . Fluctuations in sulphatc and bicarbonate in Egham and Leech ponds are illustrated in Figure 2 . These show clearly that in both ponds the sulphate content of the water was rising steeply in January, while the bicarbonate content was falling, and that the reverse was true in June. Thus the sulphate content is low in autumn and high in spring, while the bicarbonate content is high in autumn and low in spring. The changes seem to occur about one month later in Egham than in Leech pond. The oxygen content of the water near the bottom mud was O-10 % of saturation between June and October in both ponds, and this coincides 1954 -5. (After Tucker 1958 with the period of high bicarbonate and low sulphate content.
The oxygen concentration rose steadily from November to February, which is the period of rising sulphate and falling bicarbonate concentrations. These facts support the suggestion that the sulphates of the water are derived from the sulphides produced during organic decay in the bottom deposits, by oxidation in winter and early spring, and that a proportion of these sulphatcs are reduced again when the pond becomes anaerobic in summer. Thus the calcium ions present are balanced by bicarbonate and sulphate ions in varying proportions, and if the amount of calcium present remained constant, we should expect a fall in bicarbonate ions which just balanced the rise in sulphatc ions. To check this point the autumn and spring levels of the 2. Annual fluctuations in bicarbonate and sulphate in T,ecch and Egham ponds, with the fluctuations in oxygen content of the water just above the mud in Leech pond, 1956-7. two ions have been calculated by taking the mean of September, October, and November readings on the one hand, and February, March, and April readings on the other (Table 2) .
Clearly the rise in sulphat,c content is much gr&cr than the corresponding fall in -Mar.
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-- bicarbonate. This will be the cast if at the: same time of the year bicarbonate ions are coming into solution as a result of some other process. It has already been mentioned that on thcorctical grounds one expects photosynthesis to bring about formation of calcium carbonate in summer1 and its reconversion to bicarbonate by the action OF carbonic acid in winter.
The magnitude of any such reaction is shown by the annual fluctuation in the amount of calcium in solution.
111 T',ccch the OcLobcr-November value was 1.02 m-equiv/L and the mean of March, April, and May was 1.54 m-cquiv/L. We may lhcrefore infer that in t)he intervening period calcium and bicarbonate ions of 0.52 m-equiv/l were brought in to solution. When t,he same calculation is made For Kgham, there is a difference of 0.1.0 m- The time lag of the events in Egham compared with those in Leech can perhaps be accounted for by the fact that E:gham has a dense growth of rooted vegetation to the center, which might be expected to delay the circulation of the water between the mud surface where the main chemical events take place, and the surface of the pond whcrc the samples were taken.
Turning to Heath pond and Hammond's pond, we notice that the levels of calcium and bicarbonate are much lower at all times than in the other ponds. On the other hand the sulphatc content of Heath pond is at most times higher than in Egham. A calculation made on the same basis as before gives the results shown in Table 3 .
Clearly the sulphate and bicarbonate arc balanced by a considerable amount of some ion other than calcium, and although complete analyses of the water were not attempted, it is probable that the other cations are chiefly magnesium and sodium. The analyses of Gorham (1956) include figures for bog pools in which the importance of sodium and magnesium compared with calcium in these soft waters is clearly shown. In Hammond's pond the winter rise in sulphate content of the water was less well marked than in Heath, and the conccntrations of ions involved are so low that it is hardly worth while attempting to draw up a balance sheet. It does however appear that in the soft waters of H&h and Hammond's as well as in the harder waters of Leech and Egham thcrc is an annual change in the balance between sulphate and bicarbonate ions, the magnitude of the change being greater in the deeper waters of Leech and Heath. Another point worth noting is that the average sulphate content of the ponds on heath country is several times greater than the bicarbonate content, i.e., the hardness is mainly permanent hardness whereas in the ponds on more calcarcous soil the sulphatc content is about equal to the bicarbonate content.
In the latter ponds the permanent hardness is more in evidcncc ill the spring, and the temporary hardness in the autumn.
The annual fluctuations in sulphate content and alkalinity are given for Esthwaite water by Mortimer (1942) . His samples were taken from just above the mud surface, and ho showed that when the water was anaerobic there was a steady decline in the sulphntc content, accompanied by a steady rise in alkalinity.
At the overturn in Septcmbcr when the oxygen content of the hypolimnion rose sharply, the sulphate also increased sharply, and the alkalinity fell. Thus it appears that the sequence of events in the surface waters of the ponds investigated is comparable with that found in the hypolimnion, in a depth of 14 m, in Esthwaite water. 1Mortimcr also studied the sequence of events in artificially aerated and in anaerobic tanks of water, both of which had a layer of mud on the bottom. He found that in aerobic conditions the sulphatc content incrcascd steadily over a period of five months, while in the anaerobic tank the sulphatc content fell to zero in the same period. Convcrscly, the alkalinity fell to a low lcvcl in aerobic conditions, but rose steeply in anaerobic conditions. These experimenls bring out the importance of dissolved oxygen as a factor controlling the balance. Comparing the ponds with the lake, it appears that whereas during summer stratification the reducing effect of the bottom mud is felt only in the hypolimnion of the lake, the whole of the pond water may be markedly influenced by changes taking place on the mud surface.
The importance of sulphates in the economy of lakes has been the subject of recent papers by Beauchamp (1953) and Ohle (1954) . Beauchamp, rcfcrring to conditions in East Africa, considers that the small amount of sulphate present in Lake Victoria (0.8-1.8 ppm) restricts the growth of phytoplankton.
The figures obtained in the present work for Hammond's and Egham ponds suggest that in August the concentration of sulphate is likely to be a limiting factor in plankton production. Ohle draws attention to the dual role of sulphntes in fresh waters. In aerobic conditions they supply an essential element for protein metabolism, and in anaerobic conditions they provide the raw material for the chemosynthesis of sulphur bacteria, being reduced to hydrogen sulphide. This in turn brings about the reduction of ferric hydroxide, with the liberation of adsorbed phosphates, and is a critical point in the circulation of nutrients in the system. Hydrogen sulphide which escapes from the bottom deposits with bubbles of methane may escape to the atmosphere if the water is shallow, but is oxidized to sulphate on the way up if the water is deeper. It thus seems probable that in those waters where the fluctuation in sulphatc content is most marked, there is a good supply of phosphates and other plant nutrients released from the bottom deposits, which will in turn lead to strong photosynthetic activity in summer, and a well marked precipitation of calcium ions at that time of year. This would explain Tucker's original observation that fluctuations in calcium and bicarbonate are most marked in the more productive waters.
In marine deposits the production of hydrogen sulphide from sulphate by bacteria under anaerobic conditions is well known (ZoBell, 1946) , and according to Issatchenko (1929) the reaction I of hydrogen sulphide with iron compounds, forming ferrous sulphide, is the cause of the characteristic color of the Black Sea. Likewise, the presence of bacteria capable of oxidizing sulphides has been demonstrated in many places, but there appears to be no record from salt water of an annual cycle of oxidation and reduction comparable to that described above.
